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1. INTRODUCTION

The optical spectra of a number of triply ionized lanthanides in
yttrium orthoaluminate (YAlO ;) have been reported.l_(J Because of the
excellent laser properties of this material,1 we have examined these
reported spectra in order to obtain a unified theory of the crystal field
interactions at the laser ion site in YAlO3. In ‘hie raport,

phenomenological crystal field parameters, B for triply Jonized Hd.

'
T, Dy, Ho, Er, and Tm were obtained by diasgnalizing a cs<clh) crystal
field Hamiltonian in a free-ion wave-function basis. The paramaters were
reduced to give the part of tha crystal field components, Akm' due solely
to the crystal 1lattice, and new Bkm werea then calculated for all the
lanthanides by wusing previoucly derived7 Py where Bkm - nkAkm' These
Bkm were then used to calculate the energy levels of the lower
J=multiplets for the lanthanide series in YAlO;.

2. CALCULATIONS

The point group symmatry8 at the yttrium site in YAlO; is cs(clh)'
which includes a reflection plane in addition to the identity operation.

1y, Bass and M. J. Weber, Laser Focus, 7 (1971), 34=36.

2M. J. Weber and T. E. Varitimos, J. Appl. Phys., 42 (1971),
4996~-5005,

3Kkh. S. Bagdasarov, A. A, Kaminskii, and G. I. Rogov, Sov. Phys,
Doklady, 14 (1969), 346-348.

4. L. Berg, High Resolution Low Temperature Spectra of Th3' in vaio,,
Master's Thesis, Alr Force Institute of Technology, Wright-Patterson Air
Forge Base, OH (June 1973).

Sy, A. Antanov, P. A. Arsenev, K. E. Blenert, and A, V. Potemkin,
Phys., Status Solildi A, 19 (1973), 289-299.

V. L. bonlan and A. A. Santiaye, Jr., J. Chem. »Phys., 57 (1472),
4717-4723.
"D. K. Wortman, C. A. Morrison, and N. Karayianis, Rare Earth

Jon~Host Lattice Interactions ll. Lanthanides in Y3Als50y;, Harry Diamond
Laboratories TR-1773 (August 1976),
8r, Diehl and G. Brandt, Materia Research Bulletin, 10 (1975), A5-90.
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If the z-axis is taken perpendicular to the reflection plane, the crystal
field Hamiltonlan is of the form

Hx = kaBkmckm' k = 2' 4; 6, m = Op +2' e .tk ' (l)
where the Bkm for m # 0 may be complex. With no loss in generality, we
chose real Bpy and imaginary By, 0,

The crystal field Hamiltonian was diagonalized in the low-lying

J-multiplets of free-ion wave functions,q and the Bkm were varied to

obtain best fits between theoretical and experimental energy levels
reported for Nd,?:3Tb," Dy,” Ho,” Er5:% and Tm.5 The resultant
best~fit parameters are given in table I, where the next to last four
columns give the number of J-multiplets diagonalized, the number of
levels in these multiplets, the number of experimental energies used, and
finally the rme deviation between tliese energies and their corresponding
theoretical energiles. The multiplets included for each ion were
(1) the "I term, "Fy/,, and "Fq/, for Ndj (2) the F term and "13u for Th;
f3) "My /00 14/0s 11y0e by and Py g 5y £OT DY) (4) “In, 7,00 and

Ve o B
B, 4 for Hoy (5) the “I torm, “Fq/p, ancl “Sg/? for Fry and  (6) the 'H
term, 3F3/2, and lGu for Tm., The lack of sufficient data in some caames

plus ambiguities owing to overlapping multiplets governed tha choice of

M, J. Weber and T, E. Varitimos, J. Appl. Phys., 42 (1971),
4996-5005.

3kh., 5. Bagdasarov, A. A. Kaminskii, and G. I. Rogov, Sov. Phys.
Doklady, 14 (1969), 346-348.

7. L. Barg, High Resolution Low Temperature Spectra of 3t in YAl04,
Master's Thesis, Alr Force Institute of Technology, Wright-Patterson Alr
Force Base, OH (June 1973).

5v. A, Antanov, P. A. Arsenev, K. E. Blenert, and A. V. Potamkin,
Phyg. Status Solidi A, 19 (1973), 289-299,

Sy, L. ponlan and A. A. Santiago, Jr.,J. Chem. Phys., 57 (1972),
4717-4723.

9. T. Carnall, P, R. Fields, and K., Rajnak, J. Chem. Phys., 49

(1968), 4412-4455.
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multiplets and experimental energies that were used in the fitting

procedure. Table I, line 6, gives the set of initial Bkm for Er that

were chosen to begln the fitting procedure. For starting parameters,
previously reported parameters for Er:yttrium aluminum garnet

(YAG)IO were used. Since the YAG crystal field is real, imaginary B,.

was arbitrarily set at 200 cm™l.

d

Subsequent choices for starting parameters for the other ions were
chosan by scaling the Ho parameters, which were obtained by averaging the

best~fit Dy and Er phenomenoclogical B, , according to the Pk in table II.

km
Thene 0k, given by

TABLE 11, VALYES FOR py = 1K <efD (1 - o))
{N AK TO CONVERT LATTICE SUMS
CRYSTAL FIELD COMPONENTS, Ay,

TO CRYSTAL FIELD PARAMETERS, Bkm'
AS By = PRAkm 1
fon ' Vo . k.
[ G, LRI 0. /heh Sy
P o AT YIN
Hud o juh (LY ¥ 1. 58/
[ a. 16/ 0,548 I h/lR
ot .1 h6H 0. %00y 1.3cho ‘\
Eu 01660 . hkie 1 iy
. ol GO OhERS 1L TH
i TRINE 0o 1L 1
| o, R I I AL i
! e 0Ly TR WA IR N
¢ tr DAL U e 0L R
k ti 0. 200 0, h0hy ). 90y 3
18 SN T R R T TR AT i
i
' .
: ;
‘l e ‘
. 10¢, A. Morrison, D. E, Wortman, and N. Karayianis, J. Phys. C: Solid
J State Fhys., 9 (1976), L191. :
'~
| 8 {




K <rk> (=0, 4 (2)

are rare-earth-~ion dependent and relate the B to the lattice sum fleld

km
Mem DY

it

B, =pA v (3)

where it is assume a e A, arae host dependent only. The \r"/ are
h it 1 d that th km host d dent onl h < k>

smoothed values of Freeman and Watnon,H the Uk are linearly interpolated

! calculations of Erdos and Kang,l? and the T are quadratically fit

wave-function expanslion parameters found in studies of lanthanides in

Cawou.‘3 The Bkm for the lanthanide saries obtained by using these

values of table II in equation (3) and the Bkm for Dy and Fr of table I
are given in table III.

Energy levels calculated by using the Bkm of tables .I and III for

the lowest-lying six to elght multiplets of the lanthanides in YAlQ3 are
given in tables IV to XXI. 5

To make intensity calculations, aome astimates of the odd-fold
{odd-k) Akm are necessary. 1Then can be obtained by appropriate lattice
sums.!"” In this work, we hav. performed the lattice sums for YAlO: using

the x-ray data of Diehl and Rrandt?® for oxygen chargea % " -1 and =2
the remults are given in table XXII. The one-fold field, Alm’ wag not ;

e e et et e

8r. Diohl and G. Brandt, Materia Research Bulletin, 10 (1975), 85-90.
Ha, 7. Freeman and R. E. Watson, Phys. Rev., 127 (1962), 2058-2075.
12p, Erdos and J. H. Kang, Phys. Rev. B, 6 (1972), 3393~3408,
J 13R. 'y Leavitlh, C. A, Morrison, and_ Dy K. Wortman, Rare larth
b Tfan=liost Crystal  Irnteractions 3. Throo=pParametor  Theoryof Crystal
Fields, Harry Diamond Laboratoriea TR-1673 (June 19785).

“N. Karayianis and C. A. Morrison, Rare Earth TIon-Hogt Lattice
' Interactions 1. Point Charge Lattice Sum in Scheellites, Harry Diamond
) Laboratories TR-1648 (October 1973).
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included because of its slow convergence. By appropriate rotations of
the coordinate system chosen for the calculation of the Akm of
table XXII, different sets of A, can be generated. Thus by appropriate

km
rotation, the sets of Akm for 9 = ~1 and -1.5 given in table XXIII were
calculated. Since the Akm are linear functions of 9y 2 value of 9, can
be chosen by using equation (3) and the Dk of table II to obtain a best

fit of calculated B to phenomenological B The results of this

km km”

calculation give 9 = -1,52, and the corresponding Akm are reported
elsewhere.15

3. SUMMARY

Reported energy levels for Nd, Tb, Dy, Ho, Er, and Tm were uged to
obtain phenomenological Bkm that vyielded least~rms deviations between
these levels and levels calcuiated by using the Hamiltonian given in
equation (1) and unpublished theorctical methods and computer programs.
These parameters were then scalcd to get even-k Bkm for the entire
lanthanide series in YAlO0:. It is expected that these Bkm will at least
serve as starting parameters f-r the analysis of yet unreported ions in
YAl0,. No 1intensities were calculated because the symmetry of the
v site was low and becaus: no reasonable higher symmetry approximation

could be made as was donc’ for the lanthanides in YAG.

n. k. Wortman, C. A. Morrison, and N. Karayianis, Rare Earth Ion-
llost  Lattice  Interactions 11. Lanthanides in Y3Alg0y2, Harry Diamond
Laboratories TR~1773 (August 1976).

15y, karayianis, D. E. Wortman, and C. A. Morrison, Solid State Comm.,
18 (1976) .
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